Abstract
Introduction
Lead isotope analyses of whole rocks, aimed to trace metal sources in ore deposits and infer source reservoirs in petrogenetic studies, are commonly carried out on the bulk fraction of unaltered rocks (e.g., Tilton and Barreiro 1980; Gunnesch et al. 1990; Wareham et al. 1998) , or on rock fractions previously acid-leached for short time periods (e.g., Sturm et al. 1999) . Because rocks contain appreciable amounts of uranium and thorium, the measured lead isotope compositions contain in-situ derived radiogenic lead. In metallogenic studies, the isotopic composition needed is that of the lead delivered to ore fluids by potential source rocks at the time of mineralization. For example, in magmatic-related mineral deposits, lead can potentially be derived from a mixture of magmatic lead and lead leached from the host rocks by hydrothermal fluids. Whereas the lead contributed by the magma to ore fluids is the magmatic common lead, the lead contributed by the host rocks can be more radiogenic than the host rock common lead (e.g., MacFarlane and Petersen 1990) . If the system remained closed, then the isotopic composition of the magmatic lead at the time of mineralization can be obtained by U-Th correction based on the intrusive (mineralization) age (e.g., Sangster et al. 1998; Bouse et al. 1999 ). However, age-corrected lead isotope compositions of bulk rocks are not obtained easily and are not always reliable (see next section). The common lead of magmatic rocks can also be obtained by analyzing K-feldspar (e.g., Carignan et al. 1993 ) because this mineral contains small amounts of uranium and thorium compared to lead. On the other hand, Gulson (1986) stressed the risk of carrying out source rock studies based on the isotopic signatures of single K-feldspars, which may be different from those of the whole rock, e.g., because of inheritance. These examples highlight how corrected or uncorrected isotopic analyses of bulk rocks aimed at metallogenic (and petrogenetic) investigations overlook some aspects of the lead isotopic system.
An alternative approach is the analysis of rock leachates, as already carried out in metallogenic studies by, among others, Gulson (1977) , Curti (1987) , and MacFarlane and Petersen (1990) . The present study is a systematic application of lead isotope analyses of separate leachate and residue fractions to a broad spectrum of commonly investigated magmatic and metamorphic rocks. Our results highlight a systematic behavior of leachate and residue fractions with respect to lead isotope compositions, which essentially depends on the mineralogical composition of the rock. Case studies illustrate the applicability of the separate leachate-residue lead isotope analyses to metallogenic investigations.
Bulk-rock analyses
Four main factors limit the use of corrected or uncorrected bulk-rock lead isotope analyses as a tool in metallogenic (and petrogenetic) studies:
1. The impossibility to recognize a closed or open-system evolution. Rocks that behave as an open system (e.g., altered rocks) are not always easily recognizable, are sometimes the only available rocks and, in other cases, may be the primary target of the investigation. Uranium-thorium corrections performed on open-system rocks do not yield the ''real'' initial isotopic signature that is needed in metallogenic (and petrogenetic) studies. 2. The incapability to define the lead fraction leached from source rocks by ore fluids. 3. The often unknown or poorly constrained age to apply for correction. 4. The difficulties in the precise measurement of U, Th, and Pb, necessary for correction, by the most common available technique of trace element analysis (i.e., XRF).
Because of these problems, corrections of lead isotope ratios for in-situ decay of uranium and thorium are uncertain (e.g., Schrijver et al. 1994 ) and whole-rock lead isotope ratios presented in the literature are often not age-corrected (e.g., Tilton and Barreiro 1980; Bre´vart et al. 1982; Gunnesch et al. 1990; Wareham et al. 1998) . This is, however, unsatisfactory for metallogenic and petrogenetic studies.
Separate leachate-residue analyses of rocks
Rocks are aggregates of primary and, in some cases, secondary minerals. Primary minerals are silicates and accessory/trace sulfides and oxides coeval with rock formation or last recrystallization. Where rocks have been infiltrated by ore fluids, secondary minerals, such as carbonates, sulfides, sulfates, and oxides, may be abundant. These minerals may bear exogenous common lead introduced after closure of the rock system and radiogenic lead derived from decay of uranium and thorium also introduced or leachate after rock formation. The differential solubility of primary and secondary minerals offers the possibility to separate lead introduced into the rock at different times using sequential acid attacks of increasing strength. A hot, several-hour-long leaching, with a mixture of concentrated HCl-HNO 3 , is able to dissolve most common secondary minerals (i.e., sulfides, carbonates, oxides, sulfates: Tessier et al. 1979 ) without dissolving silicates. Additionally, it also mobilizes radiogenic lead that is situated at labile sites in silicate minerals because of alpha-recoil during decay of the radioactive parents (e.g., Deloule et al. 1989) , and at mineral grain boundaries (e.g., Doe and Delevaux 1972) . Only radiogenic lead of zircons can be resistant to a strong and long-lasting leaching (Mattinson 1994) . Therefore, a rock leachate obtained with a hot HCl-HNO 3 attack should contain at least (1) bulk (common + radiogenic) lead bound to easily soluble primary and secondary (if present) minerals, and (2) radiogenic lead removed from lattice defects of silicate minerals (primary and secondary, except zircon), and from rock-grain boundaries. The final signature of the leachate fraction will depend on the relative proportions and isotopic compositions of these lead sources. Conversely, the signature of the residual fraction will approximate the lead incorporated by the leach-resistant silicate minerals at the moment of their formation or last recrystallization, depending on the degree of removal of radiogenic and disequilibrium lead during the previous leaching.
If the rock has remained a closed system and has incorporated lead with a homogeneous composition at the time of its formation, then the leachate-residue fractions should define ''equilibrium'' arrays in isotope plots, which are isochrons. If exogenous Pb, U, and Th are present, the signatures of the leachate and residue fractions will show ''disequilibrium'' trends in isotope plots, more or less markedly different from rock isochrons.
Analytical technique
One-to 2-cm long rock splits were carefully chosen for each sample and thoroughly rinsed in deionized water to remove surficial dust. The rock splits were subsequently ground to a fine powder with lead-free tools so that >90% of the fraction was <70 lm in size. Between 250 and 300 mg of powdered rock and 50 mg of K-feldspar were leached at 180°C in 3.5 ml of 7 M HCl and 1.5 ml of 14.4 M HNO 3 during $36 h in screw-sealed Teflon beakers. The aim of this strong leaching was not only to dissolve common secondary minerals (sulfides, sulfates, and carbonates), but also to remove radiogenic lead hosted by silicate minerals and in intergranular positions, with the exception of zircon (see also Deloule et al. 1989; Erel et al. 1994; Mattinson 1994; Frei et al. 1997) . This allows us to obtain the highest ratio of common to radiogenic lead in the residue fractions. To ensure a most efficient extraction of radiogenic lead during leaching, we have emphasized the following aspects:
1. A leaching longer than 20 h (e.g., 36 h) allows reduction and extraction of most of the radiogenic lead oxidized to ''immobile'' Pb 4+ during alpha-recoil (Frei et al. 1997 Frei et al. 1997 ). 4. Ultrasonication during the acid attack (two times for 20 min each) favors the mechanical disaggregation of the leached layer surrounding each single grain, which permits ingression of the acid and progressive reduction and release of the oxidized radiogenic lead.
The residue was washed twice with deoinized water and the supernatant was discarded. Once dried, the residue was attacked during 48 to 72 h with 3.5 ml of concentrated HF and 1.5 ml of 14.4 M HNO 3 in the screw-sealed Teflon beakers and ultrasonicated two to four times for 20 min. After this attack, all residue was apparently digested. The solution was taken to dryness, further attacked during 24 h with 4 ml of 14.4 M HNO 3 and ultrasonicated twice for 20 min during the attack.
After drying, the residue and leachate fractions were converted to a bromide form and lead was purified by ion-exchange chromatography on AG1-X8 and AG-MP1 resins. Fractions of the purified lead were loaded onto rhenium filaments using the silica gel technique and analyzed for isotope ratios on a MAT-Finnigan 262 mass spectrometer at the Department of Mineralogy of the University of Geneva (Switzerland). The isotope ratios were corrected for fractionation by applying a correction factor of +0.08% per amu, based on more than 100 analyses of the international standard SRM-981. The 2r uncertainties are 0.05% for the 206 Pb ratio. Total lead blank contamination was less than 120 pg and, because the analyzed fractions were always > >1 ng, no blank correction was necessary.
Results and discussion
Separate lead isotope analyses of leachate and residue fractions were carried out on more than 300 samples of four categories of rocks: (1) granitoids, (2) high-grade metasediments (gneiss, mica-schist), (3) low-grade metasediments (slate, phyllite), and (4) mafic volcanics. In this section, we discuss the general behavior of each of these categories of rocks illustrating it through representative data (Tables 1, 2, and 3). In the next section, we will show the application of the technique to metallogenic case studies (Tables 4 and 5). Table 6 is a summary of the applicability of the leachate-residue technique to different rock types in metallogenic investigations. Table 1 reports leachate and residue signatures of Permian (285 Ma: Ferres 1998) granitoids of the Coastal Catalonian batholith (Spain), as well as the lead signatures of bulk rocks and K-feldspars from the same samples (Fig. 1) . The data show that the residual Table 1 Representative lead isotope compositions of leachate (L), residue (R), bulk (B), and age-corrected bulk (BC) fractions of rocks and K-feldspars of granitoids of the Coastal Catalonian batholith (285 Ma Ar-Ar dating: Ferres 1998) . Leachate-residue and bulk-rock fractions were measured on aliquots of the same powdered samples. The reported element concentrations (ppm)
Granitoids
were measured on bulk-rock fractions by XRF at the CAM, University of Lausanne (Switzerland), except where indicated. The 2r errors on concentrations of the reported trace elements are <5%, based on repeated measurements of natural rock standards. n.m. Pb-Pb age calculated using Isoplot (Ludwig 2000) on samples with more than two measured fractions fractions have consistent compositions that are slightly more radiogenic than those of K-feldspars. Leachates are variably more radiogenic than residues, suggesting that lead extracted with this fraction is mainly produced by the in-situ decay of uranium and thorium. This is supported by the fact that all residue-leachate pairs of the batholith form Pb-Pb isochrons yielding, within their large errors, the age of the batholith (Table 1 ). In addition, the alignment of the data points in the 208 Pb/ 204 Pb vs. 206 Pb/ 204 Pb space for samples Pb208 and Pb220 corresponds to Th/U ratios of 6.81 and 5.31, respectively, for an age of 285 Ma, which are in agreement with the measured Th/U ratios of the bulk samples (6.76 and 5.36, respectively). Thus, this suggests a closed Th-U-Pb system. The bulk-rock data have compositions intermediate between the residue and leachate fractions and indicate that comparable amounts of lead have been extracted in the leachable and residual fractions. Isotopic compositions of the bulk rocks corrected for time-integrated uranium and thorium decay are identical, within error, to those of the corresponding residue fractions (Fig. 1) . Therefore, the residual fractions of these felsic magmatic rocks have isotopic compositions corresponding to the common lead incorporated by the rock at its formation time. The slightly less radiogenic compositions of the analyzed K-feldspars, when compared with wholerock residues and bulk-rock age-corrected values, Chiaradia and Fontbote´(2001) could be a result of processes such as inheritance or growth during assimilation-fractional crystallization (see also Knesel et al. 1999 ). This reinforces the contention that single minerals might not be representative of the whole-rock common lead (see also Gulson 1986 ). (Litherland et al. 1994 ; Table 2 ). Whereas low-grade slate and phyllite have leachates consistently less radiogenic than residues, the reverse occurs for medium-to high-grade metasedimentary rocks such as paragneiss, mica-schist, and migmatite (Fig. 2) . We attribute this behavior to the fact that, in feldspar-poor metasedimentary rocks of low metamorphic grade, most of the common lead is adsorbed onto or incorporated into clay minerals, micas, and pyrite, thus being easily leachable. As a result, the radiogenic signatures of the low-grade metasedimentary rock residues reflect low amounts of common lead, which are left in this fraction after leaching, swamped by radiogenic lead of old detrital zircons. Pb/ 204 Pb plots of Kfeldspars, bulk fractions, leachates and residues of granitoids of the Coastal Catalonian batholith (Spain). Evolution curves (OR orogen; UC upper crust) are from Zartman and Doe (1981) Residue fractions of low-grade metasedimentary rocks (slate/phyllite) are characterized by thorogenic lead-deficient compositions with respect to those of the corresponding leachates (Fig. 2) . This is in agreement with the contention that the radiogenic values of the residues are probably caused by the presence of refractory zircon, a mineral characterized by low Th/U. We interpret the $900-Ma age yielded by the residual fractions of the low grade metasedimentary rocks as an errorchron biased by old detrital zircons (with an upper age of $900 Ma?), since the sedimentation age of these lithologies is Paleozoic based on fossil associations (Litherland et al. 1994) . When the low-grade lithologies undergo higher grade metamorphism, lead is redistributed in such minerals as feldspars, which form by reactions between clays, micas, and quartz. Because common lead in feldspars is hosted at leachrefractory lattice sites, the residues of the higher grade metamorphic rocks (paragneiss, mica-schist, and migmatite) become less radiogenic than the corresponding leachates because of a higher ratio of common to radiogenic lead in the residue. Although we did not directly measure lead concentrations in leachate and residue fractions, mineralogical considerations and comparisons of beam intensities of leachate and residue fractions during mass spectrometer measurements strongly suggest that lead amounts in residue fractions of high-grade metamorphic rocks are larger than those in corresponding leachate fractions. In contrast, the reverse occurs in low-grade, feldspar-poor metasedimentary rocks. The different behavior between lowand medium-to high-grade metasedimentary rocks has been systematically encountered in all samples analyzed to date (unpublished data from our database).
Mafic magmatic rocks Chiaradia and Fontbote´(2001) have analyzed separate leachate and residue fractions of mafic volcanic rocks from the early Tertiary Macuchi island arc (Ecuador). These rocks have undergone burial metamorphism, a common process in oceanic volcanic rock sequences, resulting in the formation of zeolite minerals and calcite in amygdales and in a slight alteration of pyroxene and plagioclase. Leachate and residue pairs of these rocks often display disequilibrium trends in isotope plots, as shown by negative slopes or slopes much steeper than those resulting from a closed-system evolution (Chiaradia and Fontbote´2001). This is likely the result of disequilibrium lead introduced during burial metamorphism in the form of leachable lead.
The residue lead is often more 206 Pb-radiogenic than the corresponding leachate (Table 3) . Previously, Carignan et al. (1995) noticed that residue fractions of mafic magmatic rocks can be characterized by higher 238 U/ 204 Pb ratios than the corresponding leachates. Although the reason for this is not fully understood, such a behavior may be a result of removal of common lead during leaching from easily soluble primary sulfide minerals (e.g., pyrite). We suspect that common lead hosted in crystallographic sites of amphiboles and pyroxenes (+ glass?) may also be partly removed during our leaching. In fact, lead replacing potassium and calcium ions in A positions of amphiboles or potassium and calcium ions in M2 positions of pyroxenes is not as tightly bound to the lattice as in feldspars. Under these conditions, the signature of the residual fraction could reflect low amounts of common lead (e.g., from plagioclase) variably swamped by radiogenic lead of leachrefractory zircons. (Fig. 3) , which suggests that residues become progressively more radiogenic than corresponding leachates as the analyzed mafic rocks contain increasing amounts of zircon. This correlation also supports the observation that most of the common lead of the investigated mafic rocks is removed during leaching, as was anticipated above. Pb plots of leachates and residues of metasedimentary rocks of southern Ecuador. Low-grade metamorphic rocks (slate/phyllite) have leachates consistently less radiogenic than residues, whereas medium-and high-grade metasediments (paragneiss, mica-schist, and migmatite) have residues less radiogenic than leachates. Arrows join leachate-residue pairs. Evolution curves (OR orogen; UC upper crust) are from Zartman and Doe (1981) Case studies Case studies show the potential advantages of using separate lead isotope analyses of leachate and residue fractions of whole rocks, compared with bulk-rock corrected or uncorrected analyses, when applied to metallogenic investigations. We discuss here two representative case studies from ore deposits in two regions of Peru.
Pataz
In the Pataz region, in the Eastern Cordillera of the Peruvian Andes, orogenic gold mineralization occurs in brittle-ductile quartz-sulfide veins (Haeberlin et al. 1999; Haeberlin 2002) . The lodes are situated at the edge of a granodioritic batholith, dated at 329±1 Ma (Vidal et al. 1995) , which was emplaced into Precambrian lowgrade schists and lower Paleozoic low-grade metamorphic volcanic and sedimentary rocks. The mineralization itself is dated at 315 Ma (Haeberlin et al. 1999) .
Lead isotope data for leachate-residue pairs of different facies of the batholith and of the surrounding basement rocks are shown in Fig. 4 . The isotopic compositions of the felsic magmatic rock residues are homogeneous and less radiogenic than the corresponding leachates ( Fig. 4; Table 4 ). Our batholith residues are significantly less radiogenic than uncorrected bulk-rock data of Vidal et al. (1995) and are virtually identical to bulk-rock data that are age-corrected for uranium and thorium decay (MacFarlane et al. 1999) , suggesting that they represent the common lead signature (Fig. 4) . In the thorogenic plot (Fig. 4b) , the leachates of the majority of batholith and crystalline basement rocks define an array, which is enriched in thorogenic over uranogenic lead (Th/U$6.8).
The alignment of all leachate rock fractions along the same trend can hardly be explained by a haphazardously coincident initial Th/U ratio in the different lithologies of the Pataz area. We attribute the signature of the leachable fractions to pervasive circulation of a fluid, probably related to the mineralizing event, which has selectively removed uranium with respect to thorium from the majority of the rocks of the area and/or, perhaps, precipitated secondary minerals with high Th/U ratios. It is significant that, despite the alteration, residue fractions of the batholith yield the common lead signature, indicating that all disequilibrium hydrothermal lead has been removed by our leaching.
The lead isotope compositions of the Pataz galenas are homogeneous, only slightly less radiogenic than Fig. 3 batholith residues, and significantly different from the compositions of all basement rocks (Fig. 4) 
San Vicente
The Mississippi Valley-type (MVT) mineralization of San Vicente, Peru, described in detail by Fontbote´and Gorzawski (1990) , is hosted by Upper Triassic-Lower Jurassic carbonate platform rocks of the Pucara´Group at the western margin of the Brazilian shield. The Pb-Zn deposit was formed during fluid circulation related to a Tertiary tectonic event (Badoux et al. 2001) . The geology of the area consists of clastic (sandstone and conglomerate) rocks of the Permian-Lower Triassic Mitu Group passing upward to the Red Sandstone Formation, which is in turn overlain by carbonate rocks of the Upper Triassic-Lower Jurassic Pucara´Group that hosts the mineralization. The Pucara´Group itself is composed of a sequence of limestone (Basal Series) overlain by the San Judas dolomite, the Neptuno limestone, the San Vicente dolomite (host to the mineralization), and bituminous silty limestone. Also three intrusive units of Late Permian-Early Triassic age, as well as Precambrian gneissic rocks, outcrop in the area.
Leachate-residue pairs of all potential source rocks for metals of the San Vicente district have been analyzed for lead isotope compositions (Table 5) . Residue compositions of all magmatic, metamorphic and sedimentary rocks cluster in a narrow isotopic field (Fig. 5) . This probably reflects derivation of the sedimentary rocks from erosion of older basement rocks. The latter must also be responsible for a significant proportion of the lead in the Permo-Triassic magmas, as is supported by the upper crustal signature of the magmatic rocks. Only the residue of the Red Sandstone sample (a quartz sandstone with carbonate cement) is significantly more radiogenic than the other residues (Fig. 5) . Residues of the intrusive rocks and, to a lesser extent of the Precambrian gneiss, are systematically less radiogenic than the corresponding leachates (Fig. 5) , as expected from the discussion in the previous section. In contrast, residues and leachates of the sandstone/conglomerate of the Mitu Group have similar signatures, which indicates lead in these rocks is essentially hosted by detrital K-feldspars, a phase that virtually does not contain radiogenic lead. The residue of the Red Sandstone is more radiogenic than the corresponding leachate. This is probably because of removal of common lead associated with the leachable carbonate fraction of this rock and swamping of the small amounts of residual common lead of the quartzite by radiogenic lead of leach-resistant detrital zircons.
The isotope compositions of the San Vicente ores are more radiogenic than residues of all lithologies outcropping in the San Vicente district, suggesting that the ores include a more radiogenic component than the common lead of potential source rocks of the area. The only compositions that are more radiogenic than the San Vicente ores are the leachates of the Permian-Early Triassic intrusions (Fig. 5) . The radiogenic residue of the Red Sandstone is not a likely contributor to ore fluids being hosted by leach-refractory zircons. Pb plots of leachates and residues of rocks and of ores of the San Vicente district (Peru). Evolution curves (OR orogen; UC upper crust) are from Zartman and Doe (1981) It is worthwhile noting that leachates provide the present-day isotopic composition of the leachable fraction, which may be less radiogenic than that at the time of mineralization because of radioactive decay of uranium and thorium. An exact estimation of the lead isotope composition of the leachable fraction at the time of the mineralization is hindered by difficulties in the time-integrated radioactive decay correction of the leachate. This is so because, even measuring uranium, thorium, and lead concentrations of the leachate fraction, it is impossible to know whether the leached radiogenic lead was only derived from the leached amount of uranium and thorium, or also from residual, leach-refractory, uranium, and thorium. Nonetheless, because the intrusions are Permian-Early Triassic and the age of the mineralization is significantly younger (Tertiary), we are confident that leachate compositions are an acceptable upper radiogenic approximation of the isotopic composition of the leachable rock fraction at the time of the mineralization.
We conclude that the San Vicente ore signatures require leaching by ore fluids of variable amounts of radiogenic lead from the intrusions mixed with the common lead fractions of intrusive rocks, but possibly also of gneiss and Mitu sandstone/conglomerate (Fig. 5) . Both uncorrected or corrected bulk-rock analyses, providing compositions of a single rock fraction, would have failed to identify the lead sources of the San Vicente ores.
Concluding remarks
Separate lead isotope analyses of leachate and residue fractions have been carried out on a broad spectrum of magmatic and metamorphic rocks commonly investigated in metallogenic studies for lead isotope compositions. Our data show that granitoids and medium-to high-grade metasedimentary rocks have residues systematically less radiogenic than corresponding leachates, with residue signatures virtually identical to the common lead composition (Table 6 ). These rocks contain significant proportions of feldspars and their residual signatures may reflect an average composition of the feldspars, which bear little radiogenic lead. In contrast, low-grade metasedimentary rocks containing large amounts of sheet silicate minerals and small amounts of feldspars (e.g., slate, phyllite) have residues that are invariably more radiogenic than corresponding leachates (Table 6 ). These metasedimentary rocks contain significant concentrations of detrital zircons. Because common lead is almost exclusively hosted by sheet silicate minerals in these lithologies and most of it is removed during leaching, the residual fraction yields a signature variably swamped by radiogenic lead of detrital zircons, especially in old rocks.
Mafic volcanic rocks carry relatively low amounts of common lead, which is hosted by plagioclase and pyroxene, but also by primary sulfides, oxides, and glass.
Significant amounts of common lead can be removed from these rocks by our leaching, with relatively small amounts being left in plagioclase. The residual fractions of mafic rocks is often more radiogenic than corresponding leachates, depending on the amount of the leach-resistant zircon present (Fig. 3) . Nevertheless, because most mafic rocks are relatively zircon-poor, the isotopic differences between residual and leachate fractions will be not significantly large, especially in young rocks (Fig. 3) .
The results of our study have broad implications in the field of lead isotopes applied to metallogenic studies. Metallogenic case studies show that separate leachateresidue analyses of whole rocks may allow a more thorough evaluation of metal source reservoirs than the standard methods of age-corrected or uncorrected bulkrock analyses. Separate leachate-residue analyses of source rocks provide two lead isotope end members whose mixture may represent lead with the appropriate composition of the ore fluid. This is useful when contributions from leached host rocks have to be considered because there are no criteria to establish the composition of the lead leached by hydrothermal fluids. In such a case, our leaching experiments suggest that hot acid solutions (and by inference hydrothermal fluids) preferentially leach radiogenic lead from medium-to highgrade metasedimentary and granitic rocks, whereas they preferentially leach common lead from low-grade metasedimentary and mafic magmatic rocks.
Common lead of magmatic rocks represents a main end member source in magmatic-related mineral deposits. The method presented in this study provides a reliable alternative to time-integrated corrections of radiogenic lead growth for the determination of the common lead signature of felsic to intermediate, and in several cases of mafic, magmatic rocks. This method is preferable to age-corrected bulk-rock analyses where ages to apply for corrections of bulk-rock data are not known, or where moderately-to highly-altered rocks have to be used.
Nonetheless, some problems need to be considered when applying the method here presented to metallogenic studies. The isotopic composition of the rock leachates differs from that of the leachable rock fraction at the time of mineralization depending on the absolute ages of, and on the age difference between, potential source rocks and the ore event (see San Vicente case study). The physico-chemical conditions of the experimental leaching carried out in the laboratory are an approximation of the physico-chemical conditions of the ore-fluid leaching source rocks. A better approximation of the lead isotope compositions acquired by ore fluids infiltrating through potential source rocks could be obtained through leaching experiments carried out with various reagents, at different temperatures and for different time lengths.
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